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AB STSACT 

X This is the teacher's guide 

guide irhish together cqpiprise one of five c 
env'ironniental/energy education units. This 
consUBption; is applicable to Mathematics, 
Ecology or science Studies with Mathematics 
intended for use in grades 9 through 1H, Th 
five sections each dealing with a nain issu 
energy denandj (2) problens converting ana 
new energy sources-, and («) transpcrtalicn 
Each section is concluded with a set of exe 
coBputer may be used. This teacher's guide 
the unit, unit goals and objectives, answer 
annotated bibliography. 



to acconpanj the student 
OBputer- orient «d 
unit explcres C.S. energy 
Social stydies, and 

fcackgrcund; ard is 
e unit is divided into 
e such aai (1) growth in 
aistributing energy; (3) 
and'eneigy consunption. 
rctses with which a 
gives an intrcfluction to 
s to exercisefi, and an 
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ThtH work is ??ubmiLi(*d in confidu ice and has not as yet been published. 
The reciplont rocGive:^ the work in confidence and will udu the aame 
only for the purpose for which it is tendered'. 

This work represents developmeni efforts to date and should not be 
considered final matormL Thunrore, use of this maLerlal Is .restricted: 
exclusively to those persnns and a gencies cooperating iA ftnld testing. 
All rights, including the right lo reproduce all or part of the contents 
[n\ any form, nre reserved by the: Northwest Regional Educational 
J.iiboratory. 

Prospective users of ihits manual are urged to first run the sumpl^ ; 
slmulaHnn program provided tn o xler to determine any needed or 
desirublu adjuHtrnontH prior to uh's 

September 1375 \ , 
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rNTHODrCTlnN TO VUK WNVV 



Unit Df 'Hcrlpllon 

hubjoe t AruaB; Math, Houl il HtucJJoH and Advaticod FAiology (wlLh 
matliGmatluR baakgruurid) 

Topic: U, S, Enorgy ConaunipLinn 

AbBtract: This mitthamHtlaally-haHcd unit InLrcducon atudcnts to 

aonic b'lBio iasuos aoncenicd wl(h U.K. ener^ consurTjpt ion, 
Inc'uding growth In onGr^ flnmand, prdblerna of cohvc3rtlng 
and disLrlbutltiK ener^yj new onergy sourcea, and the i, 
BQViouB quoatlon of transportation aud consuinptlon, It 
provldoF doflnltlons and comparisons among cnor^^ measures 
such as BTU'Si Kcal, Hpp kw and so forth at the outlet so 
that iha flguroB InVDlved In ener©^ consumption IssueB can 
bo grasped meaningfully. Based primarily on figures and 
their eomparlaons and projections, the unit provides students 
with a realistic quantltaLive understanding of the present 
energy consumption probromB, the need for solutions, and 
possible direct Ions from which solutlonB may come. 

The unit lb divided Into five logical sect Ions, each dealing 
with a main IsBue and concluding with a set of exeiclses In 
which students manipulate and Interpret figures to discover 
their significance for the oners^ problem and society, 
prcsgnt and future. Several short computer problem solving 
and simulation programs arc provided within the text which 
students use to help solve problems given In the exercises. 
Students are guided toward a concrete grasp of such facts 
mi bicycling Is the most efficient method of transportation 
ever Invented, and at the prosent rate of growth our power 
conBumptlon will triple by the year 2000. 

Grade Level; 9-14 
Com puter Language; BASIC 



Program Names; CONV PROG, EXPO GRO, RES E|EPL, 
NAT'L POWR, ECO MODEL 



GguiH ancJ ObJeutlvcjH 



The UitoiiL of LhiH ttnlt Ih, \jy no mounH, in Lrriln (ui^vlnucirH nv luchiiic'InnH to vnpii 
with problomH arlaliii? from thu oiiar^ crlHlH, father, the Intenl Is lo mofilfy awuru- 
ness, ahango aUlliidGS, and provide po'^Hpucllvo to the prabluniH Hprln^jlng fi'oni 
change utlltudcs, and provldp porBpnotlvo to the probloms sprltntlng from 
the amriff question* At tbu t)OBlniung of LhlH unit, most studonlH wUl have 
absolutely no fool for the relation bctwucn acLlvltlcB occurring around Ihrm 
and denianda on power and onoi^ auppllcs noccsBaa^ to eustaln those 
HctlvltlQB, By the end of the unit, HtudantH Hhould be keenly Uvyaro of the 
c!onnnj»llon hcl\s/rvn oiu rgy Huppllas arid conBumplion paiternB. 

It ir? ahio IntGndcd that the student should acqulro (TttoaLly on his or hur 
om^) an understanding of the riuod for global Bolutlons to energy problomB 
which tend to arise from natlonalHtlc buses. This Is most Important and 
files in the face of natural fcoUngs of patrlollsni and natlonul pride, 
NevtrthclcRfi the uonnept of '*llfohoai earth'' ib one which wc must ,%]] pay 
more and more attenLlon to. In effect, when the ship goeB down, wt^ all 
go together regarclle&s of nationality, 

The computer Is used to ease the burden of coinputbtlons and to develop 
models which otherwise could not be treated. The exerelses should be 
considered typical and should bo expandnd to meet the particular needs of 
each group using the muterlaL Almost every topic can bo the sttirtlng 
point for open endod Investigations which will lead far past the range of Ihe 
topics dlBCUSsod. If at all possible encourage this type of activity as It Is 
in the true spirit of education, and promotes In-depth Involvament with a 
most important problem rather than the usual peripheral treatment* 



ERIC 



ANSWERK TO KXl.IKJISICH 



ExcrGlBoa on Powor smd Ijjnorgy, |)»koh 7-!) 

1. a. 150 Kcal x .'LDOO 500. . I UTV 

b. 150 Kcal X 0.010 - 1.50 Ilumnii hourn 

c. aOO Kcai/hr x l.GI5UE-!i 0,4077 Up 

2. a, AsHumlng 24 hourat 

24 hr 

;kj.hm Kcul/hr X ],lfi:}E-u fl.ofn);! I<w 
liM.HM Kaal/hr x 1.5DI)E-.'3 - 0.0527 Hp 

b; AH.suming 0,0001 .sou (?) or 2.778E-8 hr: 

812 Kcul _ ^ 2.92;JE10 Kcal/hr 
2.778E-8 hr 

2.923E10 Kcal/hr x l.lfi3E-3 ^ 8.a90E7 kw 
2.923E10 Kcnl/hr x l.B59E-;i - 4.65(3137 Hp 

c. The powor ratio ^■^^j^^'^ = 8.fi4E8 

Taking, Lhe uncert.'iinl ies In the asiumptloris Into account , 
Iho true power ratio Is probably In tho range 1E7 to 1E9 
which Ls certainly dramatic comparod to the energy ratio 
of 0.5. 

3. a. 2E7,,Humans x B.igSE-fi 104.0 Jets 

b. 2137 Humans k 7,20fiE-5 - 1,441 Barrels of Oil per hour 

c. 2E7 Humans x 0.1560 ^ 3.120Ef> Hp 

4. a. 5 x 20,500 BTU/hr ^ 102,500 DTU/hr 

102,500 BTU/hr x 3. 929E-4 = 40.27 Hp , 
b, 5 X 3,400 BTU/hr = 17,000 BTU/lir 
' 17,000 BTU/hr x 3.929E-4 -= 6.68 Hp 



1.15()E(S kw K I, .'iOlil'N.l inO 'l'oMH Coal/hr 

;i,5i)(i I'ana Coal/cliiy 

l.lfiOiCn kw X r>.li)'IK-'l 712 lUivralH Oll/hr 

1,7,100 JJarrulH Oil/day 

1.150E(i kw X 4.470K-5 51.4 JnlH 

l.lDOEfi kw X (;.707E-3 7,71.*! Carw ' 

Nol, all tho anorgy of (he coiil 1h convortod lo olecHrlclty, 
The officlcncy Is 

10,070 ^ ■ ' 

Porhaps 10% of tlio tuir« nrn running on iho average. 
92.7E0 X 0,10 9.27E6 aars 

9.2.7Efi uars x 9.241E-2 8.'36,(iO0 Barrola of Oll/hr 
9.27E' cars x 1.942E-2 ».2 360,000 Tons Coal/hr 

^-'^^^ ^.508E9 cu ft Gas/hr 
300 X 24 

2.G()8E9 (lu fl aatj/hr x 0. .3077 - 7. 903E8 kw 

2.5G8E9 cu fl Gas/hr x 1. 3T.'3E-5 ^ 35,310 Jots 

7.903E8 kw „„„ „ . , 
-— — — ; 790 powor plants, 

1E6 kw 
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KxcircHHU H nri Ktinrg y (N)ilHiiniiilinii unci Hiii)i)ly , duhuh 17-1 0 

1. Uhu llin oaniiniUH* |)r()f.;rmii lo [Icjrivc! Ilu? [fillowinj? Iiilor'niat inn: 



Nurnbur PcrloclH 

GrD\vlh lo Doublo Factor 

(parccnl) (rule of 72) 

2 aO 2,04 

n "12 2.(>i 

H 9 2J)0 

10 7.2 1,9<) 

12 (1.0 1,1)7' 

IH 1,0 1.1)4 

20 :k (I 1 



rho rulo 1b moHt nrcMimLc for H;roiA?th ratcB around but Htlll 
^ivg^ gooci roaullH over the rango 2 to 20%, 

2. On tho fMlh Hquure Lhere will bo L 844071349 (fralnH of wheat. 
The total whom in twtoo ihln or ILfiB934El9 grains, 

(E^tra Crodit: A grain han a rolumo of n (,02)^(0. 2n)/4 ^ 7. a5E-5 
cubic inchuH 4,545K-8 cubic foot. Thus tho total volume of 
wheat Ib about U»8K12 cubia foeU If we aisumo a cubic shaped 
bin, each Bide of the bin would bo 11,880 feet or^ about '2.26 
milus, ThatB a lot of vvhoal no matter how you measure it.) 

3, The progTani can be usod to develop the following inforniatlon. ' 
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.VsQ roserveH of 450 billion barruls and presonL consuinptlon of 15 
billion harrels per yoar. Use progrEiin In Fig. G ae modified to gel 
dnta. 



Dcjcroiiient 



Years Remaining 



0.1 

0,2 

0.5 
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Qptlonul for I^rogriiminarH ^ ; 

100 mv mk(D)-^(2-.4imM*iov,{n))/.'Mvm ^ 
,110 I'niNT ' . . 

120 xtrr D-ioo ' . 
130 pRnjT "DVi.VN'i. ' - ' ' * 

"140 vmm ■ ,1 , ■ ■ , 

150 PRIffi; I)/eNA(D) 
IGO LIST ar-D/lO ., ■ ■ , 

170 IF D i. E-OS. THEN loo ' ■ , 
180 END ' ■ 



HUN 



f,. W 



D ' N ■ , . 

5 100 . 7,12f}94E-06 

10 . 3.32 

1 0.04 

/ • .1 9.95999 

.01 ,13.28 

.001 16,00 . 

.0001 19.92 

,00001 2.3.24 

.000001 '26.56 

l.OOOOOJi-07 29.88 

b. Al 10%, N 3.32 doubling porlods. 
('. Doubling period ' 72/4 f IB years. 

YGara ^ 18 x 3.32 = 59.76 years. 

c. At 0. 1%, N = 9.96 doubling periods. 
Years = 18 x 9.96 179.3 years. 
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Exorcis es on Knorffl^ Convoy slon and D tHlrlbuHoii, uukoh 

1. ;\nythlng that uoulcl bo done wllhoul oioLHrlcity should ]m clonu. This 
, 4ncludeB aooking, huutlngj rufrlgoriiLlon, all of which uan bo run by 

oil or natural gae, Tho probloni Is that fossil fuels are In short 
HUpply and aro going Lo get Bhorler* 

2. Tho automobllo haa ari efflcloncy of perhaps 25%. Wg can genoruto 
' elGctrlclty from oil or natural gas with an efficiency of 41%. If 

Ibo ulectrlc car had a high Qfllclency wo might gain In avorall enarj^ 
oonaumptlon. If pollution free Bourcus of electricity other than fossil 
lliols could found, electric cnra would be a big advantage. 

3. A. significant number of famlllca do without cloJ,hai dryers and air 
(;nndltloner8, and all famlUeB could do.ao, A grei t deal of encr^ 
could 1)0 saved if air conditioning were cut out, and clothes d^ers 
were rui byrjnatural g^as. . . 

"\ 

4/ The table shows cloarly the economic potGntlal In terms of natural 
resources, Quito apart from any political considerations Involvedp 
"^fRussla, among all the developed nations of the world. Is In a enviable 
position as far as^ resources are concerned. 

' ' ^ \ ■ ' ' 

5, If each oomb had a\ thermal life time of 1 year, we could capture 
Lhermal energy at the rate of , , ' 

- 5.708E5 kw. 
3f)5 X 24 > 

Conyertlng 50% to electricity the result Is about^ 0,3 mllHon kw per 
bombiper year. If a high capacity power plant puts out 1 million kw 
we \vould need 0 bombs per year per plant. If the 1970 power needs 
of the countiy were thus supplied we would need about 2100/0*3*^ TOOp 
bombs per year which- ^trains the imagination. ' ^ 

6. TJie main benfcfil would be to electrify all transportation. The other 

' result would be a dramatic increase^ In the quality of the environment, 
Posfelbly controlled hydrogen fiislon will be able ^to farnlsh such a 
supply , of ele0.trlclty\ , 

7/ Stnce natural gas ftirnaces are very efflqlenti we would gain In overall 
etflclency* 

8, If we shift to 'coal tho figure of $60 per capita would certainly go up. 
At $60 per capltat probably not too. much concerra is pald'to the cost 
of air pollu^lonT At $600 per capita there certalrly would te^a great^ 
deal 61 concerri*; /IjVater pollution and trash pollution Is going to be 
more and more e^enslve, . 



9.\ French have been hurnlng trash In Paris for the past 50 years as 
a source of electricity and heat for space heatlngT The eriergjr content 
of trash is about 1/3 that of a good grade of coal. Considering the 
.enownous amounts of trash tha^t Is generated by our society this would 
appear to be a hl^ priority item for all major cities* - 

EKerotseB on^ Energy F&w Ln Our SpcLety, pagea 34-37 , ' 

I. A t^lcal print out is shown below. The point Is that about the only 
segment of the society where much can be done ^ If we Insist on 
consuming the large aaaounts of ener^ is In transportation. A great 
deal certalhly heeds to te done In transportation. 



mPUT PRESENT EFFICffiNCmS (%) 
HOUSEHOLD & COMMERICAL780 
TRANSPORTATION ? 25 
INDUSTRIAL? 78 

INPUT ANNUAL DECREASE IN WASTE 
HOUSEHOLD & COMMERCIAL?! 
TRANSPdRTATION ?4 
mbuSTRlAL?! 

HOW MANY YEARS? 10 
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HOUSEHOLD & EFFICIENCY . 

YEAR COMMERCIAL TRANSPORTATION INDUSTRIAL 
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45.8958 
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10 


81.7296 


48.06 




79,9026' 



Use program In Fig. 5 and e;^)lore.^ Answer is 



R = 4.13% 



Rule of 72' 72/4.13 = 17.4 year doubling time. 



1980: 96.8E15BTU 



,1990i 145.1E15 BTU . , ' , 

a. The greatest opportunity for iavlngs occur where the growth rate 

Is the greatest. Clothes diylng, refrigeration, and air conditioning 
seem 4the beet bets- 

b. It is roughly the same. Therefore space heating Is growing 
proportional to the overaU growth In consumption. However, this 
Is about twice the rate of growth in population. This could mean 
more people are housed better In 1968 than In 1960. ; 

c. One way to do this Is place a progressive tax on air conditioners, 
clothes dryers, and large refflgeratlon syitems. This could also 

be done by having a sliding charge for electrlcltyi paying much more 
as larger quantities -are consumed. Somehow the Increasing spiral 
of donsumption has to be broken. 

Commercial rates of growth are behind the overall rate except for* 
cooking (due to McDonalds, Shakey^s PIeee, and so forth), air 
conditioning, and *tather. " It Is clear that the savings would^lmvi^re^ ^ 
be achieved In "other," what ever that Is. 



The growth In fuel consumption Is almost exactly the same as the 
overall growth rate. However, the raw materials rate of growth Is, 
almost zero. This would seem to Imply that transportation equipment 
and facilities are not being replaced, which If true, Implies .bad news 
about railroads, bus lines, etc. In 1974 reports have begun to come 
out . about large sections of rail bed that are no longer safe to use, 
and which have been responsible for several passenger train accidents. 



10 = 150 X 



miles 



■pr 




b. Dallyi 2 x 7000 miles x 15 gal/mlle « 210,000 gal/day 
Yearly: 365 x 210,000 gal/day = 76.65 million gal/year 



c. 100 Alrcrafti 7665 million gal/year = 182 million barrels per year* 
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The question Is, Is the ejqpendUure of this quantity of enersr 
justified by the return^fn-tEanaportatlon^pead-f^ 
passengers served? The answer Is generally felt to be NO* A 
. separate and controversial question Is the possible disastrous 
effects upon the Ionosphere In partlnulari ' and the environment in 
general, . ■ 

a. 40. trains per hour, ) 

40 K 6 X 72 = 17,280 passengers per hour. 

b. With the assumptions In the text, a lane In a highway could carrjr 
no more than 3,000 passengers per hour, and the railroad about 
15 1 000 passengers per hour, 

c. Either BART or a railroad can carry about 5 times the number of 
passengers per hour than the lane on a hl^waj* However, systems 
like BART are veiy expensive, (We note that In the fall of 1974 
BART wa^ several years behind schedule, was way over budget, 
had not operated In transbay service* and had not utilized computer 
control,) Possibly a better alternative would be to spend signifi- 
cantly smaller amounts of money to develop existing rail facilities* 

If we looked at the energy requirements, probably something like the ^ 
following could be organized. 



0,1 Hp X 2, 02E-2 ^ 0,002 gal gas/hr 

PE - 1 - 7,600 

0, 002 

Even If due to efficiency, only" 1/3 the energy of the gasoline Is 
converted to work the PE Is still 2,500 or 20^ times that of the very 
efficient bus. All studies point to the same fact. The bicycle is 
the most ' efflc tent means of transportation ever devised. In addition, ' 
our health problems wquld decrease If riding a bicycle provided 
regular exercise* Aether the U.S, society could be sold on the 
bleyele for all 0 to 10 mile trips Is not clear, . 



5 blocks I 
5 mllesi 
50 mllesi 



Walk (better for you anyway 1) 
"Motoreyole-^BIcycle wouldHberTO 
Bus or Train 
Jet 



2,000 miles: 



Forget about the automobllel 



Exerctaei on Computer Models and Ener^ > pagee 43-44 

1. Uro program In Ftg, 7 to generate the followLng information. 

Year Power (billions Power Ratio 

of kw) 

1970 2.04 1,00 

1980 2.86 1,40 

1990 4.00 1,96 

2000 , 5,60 .2,75 

a. This exerclge shows clearer than anything else, why conditions 
inust change. If we are having trouble with emt^ at the present 
power level,- what will society do at almost three times the power 
level In 2000? 

Optional 

2. Modify the program in Exercise 1 ae follows; 
^ 342 Let Rl + Rl - O.i 

This will produce resultSf 

Year PoweJ (blllloni Power Ratio 

of kw) 

1970 2.04 1,00 

1980 2.73 1.34 

IQQO 3.32 1,63 

- ' 2000 3;65 1.79 

Clearlys getting the population under control makes a big Improvement. 
Howeveri more Is needed. 

3.. Program In EKerotse 2 modified with 

344 Let R2 = R2 - 0.06, , 

will result in.' 
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Year Power_ (Mli tons, „q£ Power Ratio 

of kw) 

1970 2.04 1,00 

/ . ' 1980 2.66 1.30 

1990 2.96 1,45 

2000 2.81 1,38 

Notice that the power ratio has started to decrease by the year 2000, 
Now all that remalni Is toited^a way to Implement the assumptlone 
In the model Into policy ,^^^lck wt^h them, and we might get controL 

Optional 

4a ^Thls Is an open ended Investl^tlon, Students should earefully consider 
their assumptions and try to sort out those which preeenl viable 
alternRtlves to the hazardous present courses of action. 

5, Rnn the program tn Fig. 8, The answer is 0,051 kg or 51 grams/ 
square meter per day. This happens to be a value ve^ weil 
eorrelated with actual measurements. Students should plot' the new 
biomass versus hours to see how plants respond In a dally rhythm. 

6. Cut solar Input to 25 Kcal/day. The result Is -0.009 kg or -9 grams/ 
square meter per day. Along with other reasons, this exercise points; 
out why you canH grow things well at high latitudes, 

7. If the respiration factor Is chan^d to lE-4 the system Is almost 
exactly balanced. If the blomass Is decreased. It starts moving back 
towards the balanced value. The same thing happens If the blomass 
Is Increased. In other words, the system Is stable. Left alone It 
win seek out and find a balanced condition. 

8, 50 g/meter^/day K 120 days x 4047 meter^ 

= 2,428E7 grams 
^ 53484 pounds 
= ,27 tons. 

The actual crop yield should be less than this due to the blomass 
produced whlohUe not food. As an examplei In the Santa Clara Valley 
of Callfornlai a yield of 5 tons per acre Is considered average for 
varietal grapes. This Is certainly conslstant with the m^e^ predictions. 
You should be able to get similar correlations with other crops In yom* 
own vicinity. 
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ANNOTATED BIBLIOGRAPHY 



OeneFEl references pertinent to the aner^ crLiis are given below. The 
list contains those works which have proven to be the greateBt value to 
flie author t and Is not Intended to be eidiauetive by any meane. The works 
are listed In flie order of estimated value to the material at hand. 

1, A Scientific Ajnerlcan Book, Energy and Power , 

W. H.^ Freeman and Company, San Francisco, 1971. 

This book should be read cover to cover 
by anyone seriously mterested In the ener^ 
crisis. Never has such a wide ranging and 
penetrating look at energr been assembled In 
one book. Must reading for student and 
faculty alike, 

2, Meadows^ Donella H. , et aL The Limits to Growth, A 
Potomac Associates Book, Signet Books, New York, 19/2. 

This modest book has stirred up a whirlwind. 
It Is Indeed rare to see such violent reaction, 
both pro and con to a single took. The 
^ National Observer reviewer statedi . , 

. Mark this book, XL may . be as /important ^ - — 

to mankind as the Council of Nlcacea , 
and Martin Luther's- 95 Treses, It 
Is a revolutlonai^ new way of looking 
at man and society, ■ 

This book describes the results of computer runs of 
the world model generated by the Club of Rome. AH 
the indications point to cataclysmic events wltoin the 
next half centuiy. 

3. Colei H:fS.D, , et aL Models of Doom, A Critique of the 
-Limits to Growth ^ Universe BookSs New York, 1973, 

This book contains a number of essays In answar to 
The Limits to Growth done ^,a group based at the 
^ University of Sussex, England.^ The critique is ^ 

scholarly and well thought out. At the end of the 
book Is a Reply to Sussex by the authors of The 
Limits to Growth . It Is rare that a book can stir 
up this type of critique, 
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4/ Priest, Joseph, Problems of Our Physical Envtronmeht, ' 
Ener^, Transportatiorit pQllttttony Addison Wesley, 
Beading, 1973. 

This li a textbook suitable for general education §clence 
courses, Ve:^ good general reference. 

3. Odimi, Howard T. Environment, Power and Soclefar , Wiley 

Intarsclence, New York, 1971, ' = 

Unique in Its treatment of the energetics of very 

unusual systems such as: politics, religion, ^ ^ 

economics, ecdsystemi, etc. 

6, Hocks, Lawrence, and Hunyon, Richard^ P. ' The Enerar Crisis, N 
Crown Publishers, New York, 1972. 

Good general reference and suitable for a one term 
course on enersr and power* ' 

7. Beckman, . E co-Hysterics and the Techriophobes, 
The Golem Press, Boulder, 1973* . ' 

The author of this book disagrees most strongly with most, 
pf the Ideas developed in this unit. It Is Interesting ^ 
reading and provides a provocative look at the other 
side of the IssueSi Vary well written and most 
convincing, ^ 



